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Abstract 
The effect of powder apparent density and the content of binder on the maximum pore size and permeability of metal 
powder/wire mesh filter media were investigated. It was shown that the maximum pore size depends on the particle 
size when the content of binder is less than 9%. The maximum pore size increases fast when the content of binder is 
higher than 9%. The relative air permeability increases with increasing the content of binder in the porous materials. 
When the content of binder is constant, the maximum pore size and relative air permeability firstly decrease and then 
increase as the increase of the powder apparent density. 
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1. Introduction 
Porous filter material has been widely used in metallurgical, chemical, pharmaceutical, aerospace and 
aviation fields[1]. Depending on the preparation technique and structure, sintered metal filter material can 
be divided into sintered metal powder, metal membrane, sintered metal felt, and sintered metal wire mesh 
[2]. The types of filter material have been used in the corresponding working conditions due to their 
unique characteristics. Recently, powder/powder, powder/mesh, felt/mesh, felt/powder composite filter 
elements have been successfully designed and fabricated to meet the applications, especially in chemical 
industry [3, 4]. As is known, thin powder components with lower intensity are hardly manufactured while 
the mesh has excellent mechanical properties. So composition powder/mesh filter material has been 
designed to couple their excellent properties. In this paper, composite AISI304L steel powder/ AISI304L 
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mesh material were successfully prepared to satisfy the application in the filters with large permeability 
and small size.   
2. Experimental method 
In the present experimental, stainless steel powder (304L) and 20 mesh stainless steel wire mesh (304L) 
were used as raw material. Methyl cellulose was chosen as binder. Firstly, the dust of stainless steel mesh 
was removed and dried. The mesh was cut into some pieces with the size of 100 × 100 mm. The steel 
powder was milled with methyl cellulose aqueous solution and then the steel powder slurry was obtained. 
Secondly, Stainless steel slurry and mesh were packed into die, and then compacted to obtain composite 
structural sample with small size Φ9.8 × 2 mm, as shown in figure 1. After 12 h, the sample (as shown in 
figure 2)was sintered at 1220oC in hydrogen for 3 h. During the sintering, the temperature should be 
controlled at low degree in order to remove the binder completely. Finally, the sintered sample was 
loaded in the small filter (as shown in figure 3) and its maximum pore size and permeability coefficient 
were tested employing FBP-3 porous characterizing apparatus. 
Fig.1. The chart for the compaction of the composite steel powder/ mesh structure 
  
Fig.2. The green compact                                                 Fig.3 filter element 
3. Results and discussion 
The properties of powder play a role in the performance of filter components [5, 6]. In order to obtain 
the larger permeability, the binder with larger percentage was added into the powder. However, the 
powder samples have a lower intensity by lower temperature sintering. So in our experimental stainless 
steel mesh was added to prepare composite structure with appropriate strength after sintering and the 
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mesh can not affect the permeability, which exhibit the merit of the powder /mesh composite samples. 
3.1. Effects of cellulose additives on filtration properties 
The amount of binder has influence on the permeability directly and has also some influence on 
maximum pore size of the filter media. In the experimental, the samples were classified into nine groups, 
which contain the different percent of binder. Three samples were prepared in every group and their 
permeability and maximum pore size were characterized respectively. The results were shown in figure 4. 
From the figure, maximum pore size dose not change obviously with the increase of the binder when the 
amount is less than 9%. It shows that if the amount of binder is less than 9%, the maximum pore size 
increase obviously. There is much pore space among metal particles of the green compact. As the space 
occupied by the binder in metal powder can not affect the relative distance, the pore size of porous 
material do not change too much, occupied more space in samples, the maximum pore size increase 
obviously. 
 
Fig.4. The influence of the binder on filtration performance 
The permeability of the samples raises a increasing trend with the binder rising. Because of low 
sintering temperature, the size of samples almost unchanged before or after sintering. When the binder is 
removed, the samples are almost no contraction. The space of binder in samples will become to be pore 
after sintering, so the more the samples contain binder, the more the permeability will be. The other hand, 
it becomes different to acquire sintering neck among powder particles. The intensity turns to be bad. The 
almost of binder can be too much. By use of 9% of binder in this article, the filter with small size and 
high permeability can be prepared. 
3.2. Effects of powder apparent density on maximum pore size and permeability 
The operational characteristic in the subsequent processing was affected by the powder apparent 
density which in some extent reflects on the amount of the pore volume in the stack of powder particle. 
The apparent density of metal powder which was a vital standard in the porous materials processing was 
affected by lots of factors such as particle size, particle size distribution, particle shapes, and chemical 
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constitution in the particle surface. During the experiment, different stainless steel powder was gotten by 
different powder mixture of -60~+100 mesh and -150~+200 mesh. It is a same binder content in those 
powders. The different powder apparent density effect on the filtration performances were shown in fig.5 
and fig.6. The maximum pore size and relative air permeability decrease and then increase  
 
 
Fig.5. The effect of apparent density on maximal pore size 
 
Fig. 6 The effect of apparent density on permeability 
When the increase of the powder apparent density.  Maybe the reason was that the small powder 
apparent density gave a big pore volume of metal powder and the binder can volatilize easily during the 
sintering, the big maximum pore size and relative air permeability was decided by the big void volume. 
When the bigger powder apparent density was given, the maximum pore size and permeability got 
smaller because of the smaller pore volume. As the apparent density reached a critical value of 1.58 g/cm3, 
the maximum pore size and the air permeability increased for the reason that the increased proportion of 
fine powder in the metal powder resulted in the increase of the pore volume during the metal powder 
particle which increased the resisting force for the volatilize of the binder and this gave large scale of pore 
in the body. The regression equation which was deduced from regression curve was shown below:  
y1=0.1861x3+0.2155x2-12.113x+87.4     R=0.9911     (1) 
y2=29.676x3-159.9x2-513.86x+5236.7    R=0.9567     (2) 
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x~ The apparent density (1.471<x<1.606) 
y1~The maximum pore size 
y2~ permeability 
Equation (1) and (2) whose related coefficients were 0.9911 and 0.9567 relatively was the apparent 
density effect on the maximum pore size and relative air permeability relatively. The regression equation 
was a cubic polynomial and accorded well with the regression curve. It was a good guide for practical 
production. 
4. Conclusions 
1. The maximum pore size of the porous materials depends on the particle size when the content of 
binder is less than 9% and the maximum pore size increases fast when the content of binder is 
higher than 9%. The relative air permeability increases with the increase of the content of binder in 
the porous materials. 
2. With the content of binder is a constant, the maximum pore size and relative air permeability firstly 
decrease and then increase as the increase of the powder apparent density. 
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